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Abstract
Background: Immigrants represent a good epidemiological model to evaluate the
relative influence of environmental and inherited factors on the development of
allergy. Several studies on allergy in adults have been published, but few data in
children are available. We aimed to investigate the differences, between Italian and
immigrant children, in clinical characteristics of respiratory allergy.
Methods: This was a multicentre cross-sectional study involving children born in Italy
from Italian parents and children born either in Italy or abroad from immigrants.
Children referred firstly for allergic respiratory disease (rhinitis/asthma), with an
ascertained clinical diagnosis and IgE sensitization to inhalants, were included.
Demographic features, comorbidities, severity of disease, and sensitization profile were
compared between Italians and immigrants, separating also those born in Italy from
immigrant parents and those born abroad.
Results: One hundred and sixty-five immigrant allergic children were enrolled (100
male, mean age 8.3 yr), 128 of whose had both parents immigrated. Italian children
were 237 (156 male, mean age 8.4 yr). The Italian and immigrant children were similar,
apart from pet’s ownership and family size. There was no difference in the severity of
rhinitis/asthma between the groups, whereas significant differences were found in the
pattern of sensitization: immigrant children were more frequently sensitized to house
dust mites (73.3% vs. 51%, respectively; p = 0.002) and less to grass (41.8% vs.
57.8%; p = 0.002); this was retained also in monosensitized children. Immigrant
children born in Italy (n = 105) had a lower prevalence of rhinitis vs. Italians (68.3%
vs. 87.6%, respectively, p = 0.003) and of sensitization to grass (28.3% vs. 49.5%,
respectively, p = 0.008). No difference was found among macro-regions of origin and
demographic or clinical features.
Conclusions: Immigrant children born either in Italy or abroad did not show
significant differences in the clinical pattern of the respiratory allergic disease when
compared to children born from Italian parents.
Allergic asthma and allergic rhinitis are the most frequent
clinical manifestations of the ‘atopic status’, characterized
essentially by an ongoing production of specific IgE toward
ubiquitous and innocuous environmental substances, which
depend on a complex interaction between genetic background
and environmental factors (1). These latter include maternal
smoking, diet, infections and vaccinations, family size, gastro-
intestinal flora, exposure to allergens, and others (2–5). It is
now clear that all these factors can influence the development
of allergy, although we still do not know which is the relative
weight of each of them. One of the most attracting hypotheses
is the so-called ‘hygiene hypothesis’, which postulates that the
decrease of infections, the intake of sterile foods, and the better
medical care (westernization of lifestyle), especially in child-
hood, could be responsible for the increase in allergic disorders
observed in the last decades (6, 7), through a perturbation of
the TH1/TH2 balance, although the exposure to antigens
capable of inducing an IgE response is also required to evoke
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the IgE production and, possibly, the clinical manifestations
(8).
Immigrants, who undergo a sudden and permanent change
in their environment and lifestyle (3, 9, 10), are a good
epidemiological model to study the overall influence of the
environment on the development of respiratory allergic disor-
ders, also because they may be exposed to allergens not present
in their country of origin. Previous studies have shown that
immigrants tend to develop ‘ex novo’ allergic disorders, or at
least to display clinical symptoms, after immigration to
Western Countries (11). This occurs partly independently of
a positive family history of atopy. When these changes occur is
not well clarified within this model, as the majority of studies
were performed in adult immigrants. On the other hand, the
plasticity of the immune system in the early life introduces an
additional variable to be considered.
On this background, we studied a population of immigrant
children with respiratory allergy to assess whether differences
exist vs. the native population, with special regard to clinical
characteristics, allergic sensitization profile, and atopic back-
ground. This is of high concern in our country as Italy has been
exposed to an impressive immigration flow in last decades so
that immigrants stably living in the country accounted for
approximately 14% of the total population in 2008 (12).
Methods
Population and data collection
From January to December 2010, all immigrant children, aged
1–15 yr, seen for the first time at Pediatric Allergy Units,
suffering from rhinitis and/or asthma, with ascertained sensi-
tisation to inhalant allergens, were prospectively enrolled. The
eleven Pediatric Allergy Units involved were located in Italian
areas with a high migration pressure: Brescia (two units),
Genoa, Bordighera, Pavia, Turin, Milan and Mantua (north-
ern Italy), Parma and Perugia (central Italy), Palermo (south-
ern Italy). The study protocol was approved by the local ethics
committees. Children’s parents or trustee provided written
informed consent.
Children were considered immigrants if they had one or
both immigrant parents and included those born in Italy or out
of Italy. The immigrants came spontaneously or were referred
by their general pediatricians (GPs) or, more rarely, by an
Emergency Unit. We excluded those patients seen for follow-
up visits (i.e., not at the first visit), those not assisted by
National Healthcare System, or with respiratory symptoms
without IgE sensitisation. The same criteria were applied to the
native Italian population. At enrollment, to investigate chil-
dren’s demographic and clinical features, we administered an
ad hoc questionnaire to Children’s parents or trustee. We
collected data on place of birth, date of immigration (when
applicable), region of origin, family history of respiratory
allergic disease (asthma and/or rhinitis in one or both parents),
previous symptoms of asthma/rhinitis, onset of actual symp-
toms, interval time from migration to the beginning of
symptoms, history of adverse reactions to food/drugs or atopic
dermatitis, presence of pets at home, and exposure to tobacco
smoking at home. When needed, an interpreter helped in
collecting the data. For each subject, we also collected data on
age, gender, and results of the skin tests. The countries of
origin were grouped for convenience into four macro-regions
(Asian-Pacific, Africa, Latin America, and Eastern Europe).
Ethnicity was defined as Caucasian, Black, or Asian.
Diagnosis
The diagnostic workup was standardized and included clinical
history, examination, allergy skin prick tests, and pulmonary
function tests (when indicated). Rhinitis was diagnosed
according to ARIA (13) guidelines and defined as allergic if
one or more skin prick test was positive. Asthma was
diagnosed according to GINA (14), and the diagnosis was
confirmed, when feasible, by pulmonary function tests accord-
ing to recommendations (15). The panel of extracts used for
skin tests was the same across the centers and included
allergens commonly responsible for respiratory symptoms in
Italy: grasses, Parietaria, birch, olive, cypress, hazelnut, house
dust mites, ragweed, Blatella germanica, Alternaria, and cat
and dog dander. Skin tests with food allergens were carried out
only in the presence of a suggestive clinical history. The tests
were performed with the same products (Stallergenes, Milan,
Italy) and read according to European recommendations (16).
Statistical analysis
The differences in demographic, clinical, and pathological
features were tested using common statistical methods for
mean and proportion comparisons. A comparison of the
sensitization pattern was performed among immigrants and
between immigrants and Italians according to age, gender,
and ethnicity. The associations of the sensitization patterns and
sensitization to some allergens with groups (immigrants vs.
Italians), gender, and age were also analyzed using logistic
regression models. The results are reported as odds ratios
(ORs) and their 95% confidence intervals (95% CIs).
Restricted the analysis to immigrant children born abroad
with onset of symptoms in Italy, we used linear regression
model to assess the association between age at migration and
lag time from migration to onset of symptoms. For statistical
tests, p-values lower than 0.05 were considered significant in
two-tailed tests. All the computations were carried out using
the STATA program for personal computer, version 12.0
(STATA Statistics/Data Analysis 12.0 – STATA Corporation,
College Station, TX, USA).
Results
A total of 165 immigrant children with a first diagnosis of
respiratory allergy (60.6% male) with a mean age of 8.3 yr
(standard deviation, s.d. = 3.3 yr) were enrolled. The macro-
regions of origin were 43% Africa, 37.6% eastern Europe/
Latin America, and 19.4% Asian-Pacific. Of these children, 128
had both parents immigrated and 105 were born in Italy. The
Italian sample included 237 children (156 male, mean age
8.4 yr, s.d. = 3.3 yr). Table 1 compares the demographic
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characteristics between immigrant and Italian children.
Immigrant children had a higher proportion of families with
five children or more and of presence of pet(s) at home.
The comparison of clinical features between two groups is
shown in Table 2. Immigrant children presented a lower
proportion of family history of allergy and a higher proportion
of asthma and were more frequently referred by an emergency
department. No difference in the severity of rhinitis and
asthma, classified according to ARIA and GINA, was found
between the two groups (Table 2 and Fig. 1).
There was no difference between immigrant and Italian
children in age at onset of symptoms, which was 5.3 yr
(s.d. = 3.0 yr) and 5.2 yr (s.d. = 2.9 yr), respectively. Fig. 2
compares the pattern of sensitization between the two groups.
Immigrant children, with respect to Italians, were more
sensitized to HDM (73.3% vs. 51%, respectively; p = 0.002)
Table 1 Comparison between immigrant and Italian children, by gender, age, family size, smoking exposure, and presence of pet(s) at home
Variables Categories Immigrants n (%) Italians n (%) Total n (%)
p-value
chi-square test
Total 165 237 402
Gender Male 100 (60.6) 156 (65.8) 256 (63.7) NS
Female 65 (39.4) 81 (34.2) 146 (36.3)
Age (yr) 9< 87 (52.7) 121 (51.1) 208 (51.7) NS
≥9 78 (47.3) 116 (48.9) 194 (48.3)
Mean (s.d.) 8.3 (3.3) 8.4 (3.3) 8.4 (3.3) NS*
Number of children per family 5< 101 (61.2) 204 (86.1) 305 (75.9) <0.001
≥5 64 (38.8) 33 (13.9) 97 (24.1)
Smokers at home Yes 113 (68.5) 157 (66.2) 270 (67.2) NS
No 52 (31.5) 80 (33.8) 132 (32.8)
Presence of pet at home Yes 137 (83.0) 152 (64.1) 289 (71.9) <0.001
No 28 (17.0) 85 (35.9) 113 (28.1)
Percentages are computed on the column total.
Significant p values are in bold.
*Wilcoxon rank-sum test on unmatched data. NS, not statistically significant (p > 0.1).
Table 2 Comparison of characteristics of allergic diseases between immigrant and Italian children
Variables Categories Immigrants n (%) Italians n (%) Total n (%)
p-value
chi-square test
Total 165 237 402
Family history of allergy No 96 (58.2) 95 (40.1) 191 (47.5) <0.001
Yes 69 (41.8) 142 (59.9) 211 (52.5)
Sent from Spontaneous 40 (24.2) 65 (23.2) 95 (23.6) <0.001
Pediatrician 112 (67.9) 181 (76.4) 293 (72.9)
Emergency department 13 (7.9) 1 (0.4) 14 (3.5)
Asthma No 64 (38.8) 115 (48.5) 179 (44.5) 0.053
Yes 101 (61.2) 122 (51.5) 223 (55.5)
GINA criteria (restricted to patients
with asthma)
I–II 108 (95.6) 74 (97.4) 182 (96.3) NS
III–IV 5 (4.4) 2 (2.6) 7 (3.7)
Rhinitis No 32 (19.4) 35 (14.8) 67 (16.7) NS
Yes 133 (80.6) 202 (85.2) 335 (83.3)
ARIA classification (restricted to
patients with rhinitis)
Intermittent 70 (35.0) 41 (32.0) 111 (33.8) NS
Persistent 130 (65.0) 87 (68.0) 217 (66.2)
United airways disease No 84 (50.9) 40 (59.1) 224 (55.7) NS
Yes 81 (49.1) 97 (40.9) 178 (44.3)
Polysensitization No 72 (43.6) 92 (38.8) 164 (40.8) NS
Yes 93 (56.4) 145 (61.2) 238 (59.2)
Atopic dermatitis No 109 (66.1) 162 (68.4) 271 (67.4) NS
Yes 56 (33.9) 75 (31.6) 131 (32.6)
Food allergy No 143 (86.7) 206 (86.9) 349 (86.8) NS
Yes 22 (13.3) 31 (13.1) 53 (13.2)
Percentages are computed on the column total.
Borderline significant p values (0.05–0.09) are in italic and significant p values are in bold.
NS, not statistically significant (p > 0.1).
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Figure 1 Distribution of severity of
rhinitis according toARIAandasthma
according to GINA in immigrant and
Italian children.
Figure 2 Percentage distribution of
the sensitizations (skin test positive)
in all Italian and immigrant children.
Significant p-values (chi-square test)
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and less sensitized to grass (41.8% vs. 57.8%; p = 0.002),
ragweed (3% vs. 13.5%; p < 0.001), and olive (15.8% vs.
26.6%; p = 0.010).
After adjusting for age and gender, immigrant children
showed, as compared to Italians, a higher risk of sensitization
toHDM(OR = 2.73; 95%CI: 1.77–4.22; p < 0.001) and a lower
risk of sensitization to grass (OR = 0.53; 95% CI: 0.35–0.79;
p = 0.002), ragweed (OR = 0.20; 95%CI: 0.08–0.53; p = 0.001),
and olive (OR = 0.52; 95% CI: 0.31–0.87; p = 0.012).
Fig. 3 shows the sensitization patterns of monosensitized
immigrants and Italians. The monosensitized immigrants, with
respect to Italians, had again a higher prevalence of sensitiza-
tion to HDM (72.2% vs. 47.8%, respectively; p = 0.002) and a
lower prevalence of sensitization to grass (13.9% vs. 34.8%,
p = 0.002).
Furthermore, we analyzed the differences firstly between the
immigrant born abroad (n = 60) and those born in Italy
(n = 105) and second between immigrant born abroad (n = 60)
and Italians (n = 273) as shown in Table 3. Immigrants born
abroad were moderately older (mean age: 9.3 vs. 7.7 yr) and
had a significantly lower occurrence of rhinitis and sensitization
to grass vs. Italians. On the other hand, immigrants born
abroad, compared to Italians, showed a significantly lower
occurrence of family history, rhinitis, sensitization to grass, and
a higher rate of sensitization to HDM. Forty-seven (78.3%) of
the children born abroad had no symptoms of respiratory
allergy before immigration, and the time elapsed from immi-
gration to onset of symptom was 2.9 yr (s.d. = 1.9 yr).
Restricting the analysis to immigrant children born abroad
who had the onset of symptoms in Italy (n = 47), children under
4 yr at migration to Italy (n = 25) had more rhinitis, atopic
dermatitis, food allergy, and sensitization to olive (Table 4) vs.
children of 4 yr and more (n = 22). Using a simple linear
regression model, an older age at migration was associated with





abroad [A] n (%)
Immigrant
children born
in Italy [B] n (%) Italians [C] n (%)
p-value
chi-square
test [A] vs. [B]
p-value
chi-square
test [A] vs. [C]
Total 60 105 237
Gender Male 36 (60.0) 64 (61.0) 156 (65.8) NS NS
Female 24 (40.0) 41 (39.0) 81 (34.2)
Age (yr) 9< 26 (43.3) 61 (58.1) 121 (51.1) 0.068 NS
≥9 34 (56.7) 44 (41.9) 116 (48.9)
Mean (s.d.) 9.3 (3.4) 7.7 (3.1) 8.4 (3.3) 0.003* 0.065
Family history of allergy No 37 (61.7) 59 (56.2) 95 (40.1) NS 0.003
Yes 23 (38.3) 46 (43.8) 142 (59.9)
Asthma No 27 (45.0) 37 (35.2) 115 (48.5) NS NS
Yes 33 (55.0) 68 (64.8) 122 (51.5)
Rhinitis No 19 (31.7) 13 (12.4) 35 (14.8) 0.003 0.002
Yes 41 (68.3) 92 (87.6) 202 (85.2)
United airways disease No 39 (65.0) 45 (42.9) 40 (59.1) 0.006 NS
Yes 21 (35.0) 60 (57.1) 97 (40.9)
Polysensitization No 31 (51.7) 41 (39.0) 92 (38.8) NS 0.071
Yes 29 (48.3) 64 (61.0) 145 (61.2)
Atopic dermatitis No 44 (73.3) 65 (61.9) 162 (68.4) NS NS
Yes 16 (26.7) 40 (38.1) 75 (31.6)
Food allergy No 54 (90.0) 89 (84.8) 206 (86.9) NS NS
Yes 6 (10.0) 16 (15.2) 31 (13.1)
Grass No 43 (71.7) 53 (50.5) 100 (42.2) 0.008 <0.001
Yes 17 (28.3) 52 (49.5) 137 (57.8)
HDM No 15 (25.0) 29 (27.6) 116 (48.9) NS 0.001
Yes 45 (75.0) 76 (72.4) 121 (51.0)
Parietaria No 51 (85.0) 93 (88.6) 200 (84.4) NS NS
Yes 9 (15.0) 12 (11.4) 37 (15.6)
Birch/cypressum No 49 (81.7) 85 (81.0) 176 (74.3) NS NS
Yes 11 (18.3) 20 (19.0) 61 (25.7)
Olive No 49 (81.7) 90 (85.7) 174 (73.4) NS NS
Yes 11 (18.3) 15 (14.3) 63 (26.6)
Cat/dog No 44 (73.3) 71 (67.6) 173 (73.0) NS NS
Yes 16 (26.7) 34 (32.4) 64 (27.0)
Percentages are computed on the column total.
Borderline significant p values (0.05–0.09) are in italic and significant p values are in bold.
*Wilcoxon rank-sum test on unmatched data. NS, not statistically significant (p > 0.1).
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a shorter lag time from migration to onset of symptoms (0.23;
95% CI, 0.41, 0.04, p = 0.016), as shown in Fig. 4.
Finally, we found no association among the macro area of
origin and demographic features, clinical history, concomitant
diseases, severity of asthma/rhinitis, and sensitisation profile in
immigrants children (Table S1).
Discussion
Immigrants represent a special population, as they undergo a
sudden and permanent change in lifestyle/environment and
therefore represent a natural epidemiological model to indirectly
assess the environment/lifestyle influences on the beginning and
clinical patterns of some diseases. Particularly, it is well-known
that the immigrant populations differ from the local ones in some
characteristics of their respiratory diseases (8, 17). Indeed, a
higher prevalence of asthma, hay fever, and eczema has been
found inUS-born compared with foreign-born children (18–21),
and the European Community Respiratory Health Survey
showed a higher prevalence of asthma in immigrants than
resident people (22). Also some cross-sectional surveys per-
formed in Italian regions showed a positive clinical history for
respiratory allergy in <20% of migrants and that the allergic
disease usually appeared some years after immigration (23–28).
Those observations have been confirmed in recent large cross-
sectional studies in adult migrants, either extended to the whole
Italian territory (28) or focused on a specific area (23). On the
other hand, there are fewdata on this in pediatric age (27, 29, 30),
although infancy is a crucial period for the development of
allergy (31–33). For this reason, we performed a survey on
immigrant children and compared them with an Italian sample,
and it aimed to compare the clinical characteristics of respiratory
allergy diseases in different ethnic populations. Apart for a lower
occurrence of positive family history of atopy in immigrants,
Table 4 Characteristics of allergic diseases in immigrant children born abroad with onset of symptoms in Italy (n = 47) according to age at
migration
Variables Categories Age at migration <4 yr n (%) Age at migration ≥4 yr n (%) Total
p-value
Fisher exact test
Total 25 22 47
Gender Male 12 (48.0) 14 (63.6) 26 (55.3) NS
Female 13 (52.0) 8 (36.4) 21 (44.7)
Lag time from migration
to onset of symptoms (yr)
Mean (s.d.)
3.3 (2.2) 2.1 (1.6) 2.8 (2.0) 0.048*
Family history of allergy No 18 (72.0) 11 (50.0) 29 (61.7) NS
Yes 7 (28.0) 11 (50.0) 18 (38.3)
Asthma No 12 (48.0) 10 (45.5) 22 (46.8) NS
Yes 13 (52.0) 12 (54.5) 25 (53.2)
Rhinitis Yes 14 (56.0) 4 (18.2) 18 (38.3) 0.008
No 11 (44.0) 18 (81.8) 29 (61.7)
United airways disease No 19 (76.0) 14 (63.6) 33 (70.2) NS
Yes 6 (24.0) 8 (36.4) 14 (29.8)
Polysensitization No 14 (56.0) 12 (54.5) 26 (55.3) NS
Yes 11 (44.0) 10 (45.5) 21 (44.7)
Atopic dermatitis No 13 (52.0) 20 (90.9) 33 (70.2) 0.004
Yes 12 (48.0) 2 (9.1) 14 (29.8)
Food allergy No 19 (76.0) 22 (100.0) 41 (87.2) 0.014
Yes 6 (24.0) 0 (0.0) 6 (12.8)
Grass No 20 (80.0) 14 (63.6) 34 (72.3) NS
Yes 5 (20.0) 8 (36.4) 13 (27.7)
HDM No 8 (32.0) 5 (22.7) 13 (27.7) NS
Yes 17 (68.0) 17 (77.3) 34 (72.3)
Parietaria No 23 (92.0) 19 (86.4) 42 (89.4) NS
Yes 2 (8.0) 3 (13.6) 5 (10.6)
Birch/cypressum No 20 (80.0) 18 (81.8) 38 (80.9) NS
Yes 5 (20.0) 4 (18.2) 9 (19.1)
Olive No 17 (68.0) 20 (90.9) 37 (78.7) 0.056
Yes 8 (32.0) 2 (9.1) 10 (21.3)
Cat/dog No 18 (72.0) 18 (81.8) 36 (76.6) NS
Yes 7 (28.0) 4 (18.2) 11 (23.4)
Percentages are computed on the column total.
Significant p values are in bold.
*t-test on unmatched data. NS, not statistically significant (p > 0.1).
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there were no clinical differences between immigrants and
Italians children with regard to the severity of respiratory allergy
or the presence of a history of food allergy or atopic dermatitis.
This is in contrast with what observed in adults in a previous
cross-sectional survey (28), where severity of respiratory allergy
was greater in immigrants. In this regard, the treatment is not
expected to be a confounding variable, as all the patients were
assisted by theNational Healthcare System. In addition, 68%of
the immigrants and 75% of the Italians were referred by their
general pediatricians, suggesting that they had received an
adequate level of care. The pattern of sensitization was similar
between the groups, with the exception of house dust mite which
wasmore frequently positive in immigrants, either inmono- or in
polysensitized subjects. In particular, also in immigrants, there
was a relevant rate of sensitization to local allergens, such as
Parietaria, olive, or birch pollen, which were not present in most
of the regions of origin. These findings are in agreement with the
observation that individuals may become sensitized to local
allergens firstly reported more than 50 yr ago (34). On the
contrary, the percentage of monosensitized subjects was greater
in immigrant children not born in Italy than in Italians and in
immigrant children born in Italy. This would be in agreement
with the observation that the number of sensitizations tends to
increase with time and exposure (35) and can also be interpreted
as an effect of an ‘healthier’ environment in the first months of
life. Interpreting the environmental factors driving the allergy
development is currently investigated for preventive strategies
aimed at reducing the burden of allergic disease (36). In addition,
IgE sensitization to house dustmite genuine components usually
appears as the most precocious (37), also in inborn children,
although we do not have such data for immigrants. It was
previously observed (23–28) in migrants that symptoms appear
after moving to the new country with some years of latency, and
the risk of developing respiratory symptoms increases with the
duration of staying. This was confirmed also in the present
survey, as in children not born in Italy, there was a significant
correlation between the length of stay and the duration of the
disease. On the other hand, it is known that the prenatal
environment can influence the developing immune system even
in utero (38, 39), and the few first months of life have been
indicated as a ‘window of opportunity’ for allergy prevention
(36). According to our epidemiological data, it seems that the
children who lived their first months of life in ‘less advantaged’
environments (born abroad) showa reduced tendency to develop
polysensitizations.
The main strength of this study is the strict selection criteria,
which allowed to focus specifically children with respiratory
allergic diseases, diagnosed by physicians. Some information
biases, for example underreporting of clinical history or family
history by immigrant children’s parents, may have occurred,
although the data collection was accurate at the best using an ad
hoc questionnaire in a prospective study design, and therefore,
we are confident that our finding are substantially correct.
In conclusion, the pediatric model of immigrants partly differs
from that of adults in several clinical aspects, although the
suspicion for an epigeneticmechanism (40) remains predominant.
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